Generalized spinal cord atrophy is rare. Several causes can be found responsible for this entity. Marfan syndrome (MS) is a clinically and allelically heterogeneous, heritable connective tissue disorder. Previous study has implicated neuromuscular involvement in this syndrome. Here, we report the description of a patient with generalized spinal cord atrophy, which may be attributed to MS. Though not all patients represent with spinal cord atrophy, our case suggests that generalized spinal cord atrophy may occur in a subgroup of MS patients. Our finding underscores the need to inform medical practitioners that neurologic involvement, especially generalized spinal cord atrophy, can occur in patients with MS. Further studies are warranted in order to better clarify this causal relationship association between MS and spinal cord atrophy.
Introduction
Generalized spinal cord atrophy is rare. Several causes can be found responsible for this entity [1] [2] . Marfan syndrome (MS) is a clinically and allelically heterogeneous, heritable connective tissue disorder caused by mutation in the gene encoding the extracellular matrix protein fibrillin-1 (FBN1), resulting in a defect in the production of fibrillin, and most often affecting the skeletal, respiratory, cardiovascular and ocular systems [3] . Previous study has implicated neurologic, especially neuromuscular involvement in this syndrome [4] . The following report is the description of an MS patient with generalized spinal cord atrophy, which may be most likely secondary to the weakened connective tissue of the spinal cord, or to the spinal cord ischemia caused by small
Case Report
The patient, a 21-year-old male from Guangxi province, who was a college student, was admitted on September 29, 2014, because of a quadriplegia which had proceeded over the previous 1 month. He suffered from pulsatile headache and fever (body temperature ranged from 38.0˚C -39.0˚C) since August 08, 2014. Upon the onset of the symptoms, he was once treated as an out-patient in a local clinic with the diagnosis of upper respiratory infection. The therapy included oral amoxicillin and ribavirin. Nevertheless, the symptoms were not relieved, the body temperature increased to 39.0˚C -41.0˚C and there was sphincter dysfunction. After his hospitalization in a local countryside hospital on August 11 2014, his anti-infective therapy was upgraded including piperacillintazobactam and azithromycin, but the treatment effect was still not significant. On August 13, 2014, examination of cerebrospinal fluid (CSF) by lumbar puncture revealed a relatively high pressure of 170 mm H 2 O. The leucocytes concentration was 235 × 10 6 /L. Biochemical indicators revealed a relatively high protein concentration of 1536 mg/L and a relatively low glucose concentration of 2.2 mmol/L (serum concentration 6.2 mmol/L). He was then treated with suspected diagnosis of 'central nervous system tuberculosis'. The therapy included rifampicin, isoniazid, pyrazinamide and ethambutol. However, the outcome seemed to be unrewarding and there was paralysis in the lower extremities. At the same time, he began vomiting after eating.
Consequently, on August 17, 2014, he was transferred to a provincial hospital, with suspected diagnosis of "central nervous system tuberculosis" or "acute disseminated encephalomyelitis". On August 18, 2014, the patient suffered dyspnea and unconsciousness. He was given trachea intubation and mechanical assisted ventilation. Gradually, paralysis began to appear in the upper extremities. He was not able to move on the bed at all. The patient was treated with large dose of methylprednisolone (anti-inflammatory), human gammaglobulin and mannitol, yet the improvement was still dissatisfied.
On September 29, 2014, the patient arrived at our hospital for further diagnosis and treatment. There was no family history of similar quadriplegia. However, he complained of blurred vision over the past 3 years. On examination, the patient exhibited the classic signs of MS [5] : tall stature (184 cm in height), long extremities, slender fingers, pectus excavatum, and arachnodactyly ( Figure 1) . On neurological examination, he was alert, cooperative and orientated. He had no speech disturbance. Cranial nerve examinations were normal. Flaccid quadriparesis was observed. Muscle tone was decreased. Tendon reflexes in all four extremities were weakened. Muscle strength in the upper and lower extremities was decreased (MRC grade 0). There was no clonus. In addition to quadriparesis, the patient had pin-prick, touch sensory and vibratory stimulation deficit within the four extremities. There was neither atrophy nor fasciculation. There was no evidence of extrapyramidal dysfunction. After hospitalization, more detailed examination was undertaken. The parameters of routine blood test revealed elevated proportion of neutrophils (82.8%), while the leukocyte count was normal. Blood clotting test, liver and kidney function test, blood glucose level, electrolytes level, routine urine and stool tests were normal. The tests for infectious diseases (hepatitis B, syphilis, and human immunodeficiency virus) were negative. Immune indexes (antinuclear antibody, anti-double stranded DNA antibody, anti-histone antibody, anti-nucleosome antibody, anti-DNP antibody, anti-SSA antibody, anti-SSB antibody, anti-SM antibody, anti-Jo1 antibody, anti-RNP antibody, anti-SCL70 antibody, and anticardiolipin antibody) were within the normal range. On September 29, 2014, the lumbar puncture and the CSF examination were carried out again. The CSF pressure was 270 mm H 2 O, leucocytes level was 19 × 10 6 /L, and protein level was 1010 mg/L. Other biochemical indicators were normal. Pandy's test, tests for Gram-negative bacilli, Gram-negative cocci, acid-fast bacilli, and Staphylococcus aureus, and T-spot were negative. The immunoglobulin-G index was within normal limits and anti-aquaporin 4 antibodies were not detected. Cryptococcus or mycobacterium tuberculosis was not found. There was no heterocyst. Magnetic resonance imaging (MRI) revealed severe generalized spinal cord atrophy along with abnormal signals in the bilateral brain white matter surrounding the ventricle, the mesocephalon, the medulla oblongata and the cervical spinal cord (Figure 2) . Electromyography disclosed denervation potentials accompanied by mild reductions in the motor and sense nerve conduction in the bilateral median nerve, axillary nerve, ulnar nerve, femoral nerve, tibial nerve and peroneal nerve, respectively. F-waves assessment was also abnormal. Two-dimensional, M-mode, and color echocardiography revealed aortic abnormality. The ascending aortic dimension was also slightly dilatated (34 mm). His left ventricular function was normal with a left ventricular ejection fraction of 79%. The left ventricular cavity was normal with a left ventricular end-diastolic dimension of 50.2 mm. However, slit lamp did not reveal ectopia lentis. The treatment regiment described above was continued in the following 6 months. His muscle strength in the four extremities gradually improved to about MRC grade 2. He was able to get rid of mechanical assisted ventilation. Several times of lumbar puncture and CSF examination were done. Biochemical indicators were normal. However, the CSF pressure was still relatively high, at about 200 mm H 2 O.
Discussion
The dominant feature in the presented patient was severe spinal cord atrophy. Generally, spinal cord atrophy may be focal or generalized. Focal spinal cord atrophy may be due to Chiari malformation, previous central nervous system (CNS) infection, trauma, radiotherapy, spinal surgery, immunological disorder, vascular abnormality or CNS tumour [1] [2] [6]- [9] . Generalized spinal cord atrophy is rare and may be due to Chiari malformation, luetic CNS infection [10] , and hereditary disorders like arthrogryposis multiplex congenita [11] , Chediak-Higashi syndrome [12] , adrenoleucodystrophy [13] , familial spastic paraparesis [14] , and hereditary motor and sensory neuropathy with pyramidal signs [7] . Apart from these causes, our reported patient suggests that generalized spinal cord atrophy may also be attributed to MS.
MS is a heritable connective tissue disorder characterized by a varying pattern of organ involvement including the cardiovascular, eyes, skeleton, skin, and dura. Many symptoms do not appear until puberty or later, and severe complications rarely develop before adulthood. With increasing life expectancy, the life-threatening cardiovascular involvement shifts to more chronic ocular, orthopedic, and, possibly, neurologic complications [15] - [19] .
In Voermans' comprehensive investigations, myopathy, polyneuropathy and lumbosacral radiculopathy involvement were revealed in the majority of MS patients. Our findings underscore the need to inform medical practitioners that the range of complications that can occur in patients with MS extends from cardiovascular, ocular, and orthopedic symptoms to neurologic involvement. Generalized spinal cord atrophy in MS is probably due to our increasing insight into the role of extracellular matrix molecules in neurologic pathophysiology [20] . EMG result indicated that our patient had an axonal polyneuropathy. Although fibrillin-1 and fibrillin-2 have been found in the connective tissue sheaths of peripheral nerves [21] , peripheral neuropathy in MS has only been reported once [22] . Abnormal packing of peripheral nerves due to fibrillin deficiency may increase the susceptibility to pressure or stretch, as in other heritable connective tissue disorders [23] . Our patient suggested that fibrillin abnormalities also affect axonal functioning. A further comparison can be made with Ullrich congenital muscular dystrophy and Bethlem myopathy, both of which are caused by collagen VI deficiency [24] . These findings are important to report because of the paucity of literature regarding central nervous system abnormalities especially the spinal cord in MS. The true incidence of spinal cord abnormalities in MS is not known because neuroimaging and/or neuropathology have rarely been reported in this group of patients. To the best of our knowledge the neuroradiologic findings reported by us have not been previously reported. It is not known whether the generalized spinal cord atrophy in our case contributed to the patient's neurologic abnormalities. As fibrillin-1 is found in all arterial wall layers, it is thought to play an important role in maintaining the structural integrity of the vascular system [25] . We speculate that the generalized spinal cord atrophy in our case is the result of spinal cord ischemia caused by small vessel dysfunction.
However there was no dural ectasia in our patient, while radiculopathy caused by lumbosacral dural ectasia with spinal meningeal cysts may contribute to weakness and atrophy in MS [26] . Dural ectasia is probably caused by a weakening of the connective tissue of the dural sac due to fibrillin-1 deficiency [26] .
Conclusion
In short, our reported MS patient examined in this study showed neurologic involvement, primarily consisting of generalized spinal cord atrophy, myopathy and polyneuropathy, with some signs of (poly) radiculopathy. Although the clear association with generalized spinal cord atrophy has not yet been established, the result calls for further research in large groups, and, if confirmed, increased attention should be paid to neurologic symptoms, especially spinal cord atrophy.
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